3 1176 01348 3723 

. ARR No. 4B19 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 




WARTIME REPORT 

ORIGINALLY ISSUED 

February 1944 as 
Advance Restricted Report 4B19 

/ 

GENERAL RESISTANCE TESTS ON FLYING -BOAT HULL MODELS 



By F. W. S. Locke, Jr. 
Stevens Institute of Technology 



.Ai-(.<i.;"V IV'- v.* : ..i. '.j'tX 'SI 'J 

Lm'^vv v T'-.U'., -Vs.. 



WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced v/ithout change in order to expedite general distribution. 



W-70 



VATIOVAL ASTISORT GOMhIITXE TOB AXBOVATTIIOS 



ADTAHCl BESTSICXXD BIFORT 



GEEIBAL SESISTAHCX TXS7S OS TLTIHG-BOA'P HULL hODBLS 



By T. V. S. Locke, Jr. 



SUMMABT 



Xhla report re-examines knovn procedures for handling 
"general" resistance testing on flying— "boat hull models, 
with particular reference to saving testing time and to 
improving the usefulness of results to the designer. 

It Is concluded that the following relationships 
for collapsing the data from general resistance tests 
will provide satisfactory accuracy for all loads within 
practlcahle limits and that their use permits a consider- 
able reduction In the number of tests required, besides 
presenting the results In a simple form for ready use: 

1. Tor the displacement range of speeds, using 
f r ea-te-tr im tests with the longitudinal 
center of gravity located to provide proper 
trim in the planing range, 



figure 8 shows the application of these relation- 
ships to a large number of resistance tests made at the' Stevens 
Experimental lowing lank over a period of time on various 
models of the ZFB3H— 1 flying boat. Tlgare 8a shows 
Satisfactory correlation of the data for the dlsplace^o 
ment range except in one region. However, In this region 
the pronounced effect of displacement Is of considerable 
importance to the designer and Is forcibly called to his 
attention. Tigure 8b shows contours for the planing 




Tor the planing range of speeds, using fixed— trim 
tests and making trim angle a parameter. 



range of 




( cross— plotted from an auxiliary chart 
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not Bh-own.) laid onto a grid of trim angle against •/C^/Oy. 

This figure showB porpoising and moment characteristics, 
aa veil as resistance charaotorlsties, and thus presents 
a compr ehensive picture of the performance of the hull 
in the planing rango. The relation of a sample "specific" 
resistance cxirve to this figure is illustrated "by the 
auxiliary chart (fig. 7). 

It is believed that charts of these types are in- 
herently more useful to the designer than the multiplicity 
of charts ordinarily employed in reporting general re— 
sistance tests. By Judicious selection of test points, 
they can "ue prepared in much less time. 



lUTHODUOiDIOir 



Tank tests of flying-boat hull models,, for whatever 
purpose., are necessarily carried out by one of two 
methods, the "specific" or'the "general" method. 

She "specific" method of testing is the more common 
and usually the quicker. to o perform. Under this method 
the wator>'borne load Is made to correspond to a particu- 
lar function of the speed, or possibly of both the speed 
and the trim angle. It is frequontly found, however, 
that specific tank tests are not directly applicable even 
to the actual flying boat for which they were originally 
intended, because of subsequent modifications to the 
aerodynanlc structure or to the gross weight, which alter 
the relation of water— borne load to speed, further, 
specific tests of older designs, which might otherwise be 
useful in the preliminary stages of a new design, may be 
found to be Inapplicable bocauso they were made under 
loading conditions differing from those imposed by the 
new design. 

Iho "general" method of tank testing effectively 
avoids these limitations of the spocific method by ex- 
tending the tests to cover wldo ranges of combinations 
of spocd, load, and trim. Tho results are ordinarily 
prosontod in an appropriate soriea of charts from which 
the designer can select the Infornatlon .n.oadjefl.': . ThS.«.- 
only objections to this method are: (l) that it ,1s time— 
consximing, both for the testing establishment, in getting 
sufficiently complete data to cover all the combinations 
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of condltlona vlilch might to req.ulrod, and for tho 
doslgnor. In deducing ansvers from the large aectunula'- 
tlon of data, and (2) that the multiplicity of charts 
whl'cli must ne'ceBBar II7 he consulted complicates con— 
slderahly the problem of establishing the relatlr.e merits 
of different designs for a particular purpose. These 
are Important objections, however, especially under the 
stress of war, when time counts hearlly. 

^niat is needed is a simplification of the general 
method- which will save time for both the testing estab- 
lishment and the designer and yet give wholly adequate 
information. A simplification of the sort required has 
recently been worked out for j>orpolslng data. (See ref- 
erences 1 and 2.) Here the stability— limit curves for 
a gi-ven hull, obtained from either specific or general 
tests under various combinations of loading conditions 
and speed, are collapsed to form a single curve for each 
of the Units (upper and lower). Parallel simplifica- 
tions for resistance data have, in fact, been available 
for some years. It is pointed out in references 3, 4, 
and 5, for instance, that the data from general resist- 
ance tests can be condensed into fewer charts than are 
ordinarily employed. The suggested procedures have not 
been widely used, however, possibly because of a feeling 
that they are good only for first approximations. 

A primary purpose of this report is to show, by ap- 
plying them to actual test data, that certain of these 
procodures are good for very much more than first ap- 
proximations and that they caji bo used with confidence, 
apart from all questions of time— saving. Their great 
advantage, as in most cases where data are collapsed in- 
to composite, curves , is their ability to bring out clear 
distinctions between accidental and systematic departures 
from the composite curves. This is vividly illustrated 
in the. chart for the displacement range of the ZFB2M— 1 
(fig. 8d.),v7here the discontinuities focus attention on" a 
point of interest which might easily have been over- 
looked in plots of the ordinary sort. 

It is shown in this report, in particular, that 
for most practical purposes the results of general re- 
sistance tests can be condensed into two charts, one 
for free— to— trim resistances and trim angles in the 
displacement range of speeds, the other for resistances 
in the planing range of speeds. The latter chart is 
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given the same form as the chart employed in references 
1 and 2 for presenting the results of general porpoising 
tests; it can therefore te used to show, In addition to 
the resistance charaot eristics, the dynamic stability 
and the moment characteristics of the hull in the plan- 
ing range. 

Only a few special tests were made for this report. 
Published data, or tests already on hand, were used for 
most of the analyses. 

Ihls investigation, conducted at the Stevens Institute 
of Technology, was sponsored by, and conducted with fi- 
nancial assistance from, the ITatlonal Advisory Committee 
for Aeronautics. 



In starting from rest and talcing off the water, the 
hull of a flying boat paesec through two more or less 
distinct speed ranges. These are the d iapl^ . cemen!; range, 
covering roughly the lower half of the compjinte epeed 
range to take-off, and the jUl^j;jL^fi rarige, covering the 
upper hc-lf. It la necessary to C(;:isldc'r the two ranges 
separatoly; actually, of course, they merge smoothly from 
one to the other. 



In the displacement range, resistance arises mainly 
from sicin friction aJii vave-vi.akir g. Hur.ce the or'Xlnax'y 
reiatlonthip used fo*' haaillir^g aur.? ac>--v p.a«el resistances 
wo'jld he e:cpected to apply where geouioirric similarity 
exists. This, in non— dimensional fern, is 



AZTAIIS IS 



(a) Displacement Hange 




(1) 



where 



rcPiota'Ace 



p mass density 
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T Bpeod 

g .gr.aT.lt7 acceleration 

V kinematic Tlscoelty 

^ function 



and 
If 

vX 

V 



froude numlier 



Reynolds nuin1)er 



X linear dimension, not yet specified, vbich defines 
sise 

But it Is cosaon practice in dealing with flying-boat 
hulls to disregard the Tariation of the skin friction 
coefficient vith the Beynolds number; no very new as- 
sumption is therefore inTOlved vhen equation (l) is sim- 
plified by omitting the Heynolds number, making it 



(2) 



X^ p/2 ^gX/ 

Iq,uatlon (s) may be presumed satisfactory, then, for 
collapsing the data for geometrically similar flying- 
boat hulls under similar loading. And this vill be 
eg.uall7 true yhntever linear dimension is selected for X. 

She usefulness of a relationship for the purpose in 
hand depends, however, not upon its succbss in collapsing 
the data for geometrically similar cases of differing 
size (which is only the first requirement), but upon its 
success in collapsing the data for cases which ai^e not 
geometrically similar. Perrlng showed, in reference 3, 
that in one instance the same relatlonshi]D served this 
broader purpose quite well, provided (Tol;^^^ was used 
for ..AV making 

5 d,/^! if (3) 
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where 

(Vol) Bu'bmerged voluae eorrespondine to the vater— 
home load: XLaMBly; A/v 

L vater— home load 

and 

w 'specific weight of water 

or, Buhstituting the usual TSIA.G1 ooef f icients , 



(4) 



The transf ormat ion fron equation (s) to equation 
L^4} Is given here In its entirety to avoid any 
possihle question regarding the use of "heam" as 
a factor. It will he seen that this factor ap- 
pears only as an artitrary reference length to 
define poef f Iclonts ; It la net used to define 



By definition, 



Oh = -V 

W D 

°A " TV' 

07= ' 



(Vol) . 4 



where h is the hoao, whence 



H = w h' Ot 



▼ " = g h Ot 
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Su'bBtltuting the latter ezpreaslone In e^uar- 
tlon (Z); .it la aaen that 

vhloh reduoaa to 



]>epartiirea from geoaetrle alnllarlty may "be intro- 
duced "by changing any of the three Tarlaljlea 

: la Bull form 

2. Vat er— borne load 

3 . Ir Im 

and there la no particular reaaen for aaauiolng, a priori, 
that any one of the three la aeoeaaarlly more signifi- 
cant than any other. However, since comparisons will 
ordinarily he desired hetveen different hull forms, at- 
tention may usually be concentrated on the other two 
rarlalsles. 

Xhe charts comprising figure 2 show, accordingly, 
the application of equation (4) to a series of lev— speed 
resistance tests on a partieular model , representing 
the Sikorsky S— 40 flylng—hoat hull. The tests were 
made Toy the NAOA and are reported in reference 6. 
Three of the charts show the results for various loada 
at three different values of fixed trim (making load 
the only variahle), while the fourth chart shows the 
mean lines from the other three* . It will he seen 
that, for the ranges covered, the effects of load vari- 
ation have heen quite 'successfully collapsed Into a 
single curve and the effects of trim variatlofa a little 
less successfully collapsed. But this apparent differ- 
ence in the relative Buccess with which load and trim 
variations are collapsed is of less significance than 
It nay appear at first sight. Vhlle .the range of load 
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variation covered la an entirely reaeona'ble one, the 
range of trim variation, from 5P to 9°, is unr easona'bly 
large vhen applied to all speeds within the displace— 
• ment range. iPhis trim range, vhile easily ohtained in 
model tests "by fixing trims, wonld involve .such large 
applied moments that its occurrence in full size would 
he most unlikely — particularly since the longitudinal 
position of the center of gravity, which is the most 
powerful factor affecting the resultant applied moment 
at '. displacement speeds, must ordinarily be fixed within 
relatively narrow limits hy considerations of trim in 
the planing range. 

IDhe upper chart of figure 8 shows results for 
ftnother model , represent ing the XPB2M— 1 flying boat, de- 
duced from tests made at the Experimental lowing Sank 
and for this report. In this case, however, fraa— to- 
trim data, instead of f ixed— trim data, were used, and the 

longitudinal position of the center of gravity was 
reasonably suitable from the point of view of trim ^ ttne- plan- 
ing range. It will be seen that, apart from a region 
In the middle of the range iO-j^/G^V^^ = 5.0 to 8.0), 

where large dlserepanclee OQcur, the data are very 
successfully collapsed i^to 9. single curve. Shis middle 
range was mentioned under Summary and is shown later 
to mark a very pronounced variation in performance with 
variation in loading; hence the fact that the chart 
causes it to stand out vividly will be seen to add t0:Jsther 
than detract from an estimate of the value of the re— 
latlonohip under consideration. 

It may be concluded, then, that the relationship 
expressed by equation (4;, in combination with free— to- 
trim data taken with a suitable longitudinal position of 
the center of gravity, is a useful means of condensing 
the results of general resistance tests in the range of 
displacement speeds. 

(b) Planing Bange 

It would be .expected that, as the speed Increases 
beyond tho displacement range and true planing begins, 
the Proude number would become less and less important. 
Ihus the basic relationship 
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p./2 . ^ 



would, "be cxpeoted to glTO way to the simpler relation- 
ship 



E 



-= Z (5) 



\n p/2 ▼» 

In cases of geometric similarity, and apart from the 
definition of X. 

Ihat this expect Ion Is "borne out "by the facts Is 
shown In figure 1, which is actually one of the charts 
of figure 2 extended into the plknlng range. Here the 
horizontal line for any one load indicates that 

Oh Sy^ 
g 9/3 g 3 'become Independent of ^ , 

which means that ^ - hecs become Independent 



(701)=^' p/2 V 
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of the ^roude numher. But this chart indicates, in ad- 
dition, that even with the trim angle fixed, the ex- 
pression 

s z (6) 

(Yol)^^= p/2 

which is related to equation (5) in the same way that 
equation (3) is related to equation (2), does not com- 
pletely collapse the data for Tariatlons of load, Thus 
it Is clear that a simple extension of the displacement- 
range relationship will not suffice for the planing range. 

Xhe displacement— range relationship falls in the 
planing range primarily lieciauBe the definition 

(Yol) = A/w 

which is the foundation of equation (3), no longer holds 
when, in the planing range, dynamic lifting force predominates, 
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A simple "basic relationship for the planing range Is 

a- 0(A) (7) 
or ^, lit non— dimensional form 

p/2 * p/2 v3 

whore A Is, as before, the water— borne load end the 
definition of X is inmat erial , c or again, substituting 
the usual HACA coefficients, 




Tiie transformation from equation (8) to (9) corre- 
sponds to the transformation from equation (3) to (4)> 

Heferences 3, 4, 5, and 7, show that this basic re- 
lationship, In one form or another, has been used with 
good success in the past for collapsing resistance data 
In the planing range. !Che relationship la here tested 
by applying it to fixed— trim data In the planing range, 
for one of the models considered In the displacement- 
range analysis above, 

Xhe Sikorsky S— 40 model (data from reference 6). 
(See figs. 3 and 4.) 

and to slmller data for 

A simple T— bottom planing surface (data from refer- 
ence 8) (See figs. 5 and-.S.) 

The Square root form, equation (9)' is used for plotting, 
and the scale of abscissas is started from the right. 
This Is consistent with the procedure adopted in refer- 
ences 1 and 2 for porpoising data; it avoids some dis- 
tortion of the curves and puts the take-off (^O^/Oy = O) 
ifrlifith^sc right of the sheet. 
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It vlll "be seen that In all casee the data for 
fixed Talues of trln are very sat lef actorlly collapsed. 
.There Is. ^ajoae Tarlat.lpn "between the, mean curTee for the 
TarlouB trla angles of each nodel, hut as trln control 
Is ordinarily avallahle in the planing range (through 
the elevators), there is no pxirpose In attempting to 
to snooth out its effects. Instead, contours of ^/Cji/Oy 

have heen dravn fron the nean cuxves for fixed trlns, on 
a grid of trim angle against '/c^/Gt, nalclng a sheet of 

exactly the sane foria suggested in references 1 and 2 
for porpoising data. 

An additional test ■ of the relationship is given 
In figure 9, which shows the results at one value of trln 
for 

ITACA Uodel No. 11 (data frba reference 9) (See 
fig. 9.) 

This case is Included to illustrate that the relationship 
will hring out a discontinuity clearly, and that it will 
successfully collapse planing—range data even under such 
an extrene condition as transferring the entire load to 
the afterhody. 

It nay bo concluded, then, that the relationship 
expressed hy equation (9;' 1b a satisfactory means of 
condensing the results of general resistance tests at 
fixed trlns, in the range of planing speeds. 

The lower chart of figure S shows the contours of 
j/Ce/ Cy for the XPB2h— 1, prepared from unpublished data 
gathered at Stevens Institute for The O-lenn L. Martin 
Company, together with the stability limits and the mo- 
ment data from reference 2. 

SISCUSSIQir 

As previously described, the two charts of figure 8 
suffice to show all the general resistance data for the 
particular hull to which they refer, as well as stability 
limits and moment data in the planing range. The form 
of plotting of these charts may be more or less unfamil- 
iar, making it difficult to visualise their relation to 
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mora convent lonal forms of prnsentatlon. In an attemDt 
to remedy this, figure 7 ^ab been prepared. It shows a 
"specific" resistance curve of the ordin'^ry sort, as de- 
duced from the charts of figure 8 for the loading curve 
(and trim track In the planing range) indicated, which 
correspond to the normal particulars of the XPB2M-1. 
Circled num'bers, corresponding with circled numhers in 
figure 8, serve to indicate the connection "between the 
two forms of plotting. 

The need for two different relationships, for the 
two speed ranges, is naturally an inconvenience. It 
should he especially noted, howpver, that this need 
arises, not through any Ions of ac.curaoy when the rela- 
tionship for one speed range is carried over into the 
other, hut simply hecause the test data are no longer 
successfully collnDsed. Thus nothing more serious than 
inconvenience can result. The need aT>ppars to be in- 
evitable; it is attributable, as previously noted, to 
the basically different ways In which the water-borne 
load is supported in the two sDeed ranges. This is ■ 
illustrated in the following sketches. 




In the displacement ranj^e, support 
le by buoyant forces. 

(Wgt.) - (Wing lift) 



A 00 (Vol) 




(l^lng lift) 
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Beferrlng to the planlng-range r elationslilp: Vlth 
fixed trim, a constant value of the Slift coefficient" 

, or <yo^/CT J apart from the Talues of the 

\* p/2 

Individual factors, would be expected to result in a 
constant geometric shape. Hence the evidence of all of 
the planine--range charts here presented, that it results 
also in a constant value of the resistance coefficient 

H 



or "/Oh/Ct (which implies a constant flow 
p/2 vS 

pattern), is not very purprising. 

Referring to the displacement— range relationship: 

v** « a 1/3 



A constant 7roude numher — ' 

S 



— .. or Ot /Oa 

(Tol)^'^' 



bn the other hand, either vlth or without fixed trim, . 
does not in any sense imply a constant geometric shape. 
Hence the evidence of the displacement— range charts 
here presented, that the resistance coefficient 

-:r7= ; 1 or — 5-75 r, is, in general, a 

(Tol)^/= p/2 v3 G^'' Oy = 

function of the Proudo number primarily, 16 less easily 
explained. In faCu, the only possible explanation la 
that the variatio':^ from a single geomotric shape intro- 
duced with var lat i.t.na of load (or trim) are not large 
enough to affect p.^.p-c sclably the resistance character is t Ics 
If actual hulls had the simple "wedge" form indicated In 
the foregoing skotchos, there would, of courso, be no 
change of shape with load variation and only moderate 
changes of shape with normal trin variation. 07he wedge 
form is obviously a reasonably good represent at ion of . 
most actual hulls for the planing rang». It is a much 
loss obvious choice for the displacement range, but 
Porring used it as a working hypothesis in developing 
squation (3) for this range (reference 3), and the suc- 
cess of the diaplacsr:ont— range correlations presented 
in this report tend to confirm Its general rollabillty 
for ropresonting actual hulls. 



!Dhere evidently ziust be limits, however, beyond 
which the displacouiont— range relationonip will no longer 



I 
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collapse data -~ "beyond vhlch the variations from a 
single geometric shape have liecome large. Vith suffi- 
cient load, for instance, the "bov vlll plow heavllj in 
the displacement range, or even dive. She relationship 
may hreal: down, too, under less extreme conditions — 
the middle region on the displacement— range chart for 
the ZFB2i^l, in figure 8a, heing a case in point. Here 
the discontinuities were observed to originate with wet- 
ting of the tail cone and of the afterbody sides near 
the sternpost, which resulted in discerniole differences 
in the flow pattern with variation of load and corre — 
BjKBidlng differences in the resistance coefficient. This, 
however, is precisely the information which needs to he 
brought to light for the hull in question. Except in 
this one region, the resistance data are satisfactorily 
collapsed, indicating consistent performance of the hull 
throughout the range of loads InvestigB^ed; within this 
one region, better performance is obtained with lighter 
loads. She additional information can be deduced, also, 
that uost of the penalty within the region is incurred 
in raising the load to about = 0.90 and that very 

little extra penalty (a incurred with further increase 
of load. 

The ability of the charts to bring out such charac- 
teristics as this is a very important advantage to be 
gained by condensing the data. Prom this point of view, 
failure to collapse completely the data for a given hull 
is looked upon, not as a wealcness of the relationship, 
but, in truer perspective, as an indication that a sig- 
nificant variation of shape or flow pattern has occurred. 
Ihe planin^range relationship here proposed is as suc- 
cessful in this respect as the displacement— range rela- 
tionship; c. variation caused by Increase of load will be 
shown, for Instance, by an up— sweep of the curve of 

"/Cjf/Cy against </C^/ Cy as high values of •^/c^/Cy are 

approached. 

In appraising this advantage, however, the basic 
purpose of condensing the data should not be loot sight 
of: namely, that the testing time can be reduced and 
the results made more readily useful to tho designer. 
She advantage Just described is essentially an extension 
of this basic purpose. Care must be taken, too, to avoid 
attaching importance to indicated variations which are, 
in fact, caused only by the relationship in question 
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having "bean pushed too far In the direction of the op- 
posite speed range. Such variations may he encountered 
at the upper end of curves for the displacement— range 
relationship o'r at the lower end of curves for the planlng- 
ronge relationship, as indicated on various of the charts. 
Ihey are otherwise of minor Importance, being primarily, 
an inconvenience. In general, the curves for the two 
speed ranges should "be extended so that they overlap. 

A good example of the usefulness Of comhlnlng re- 
sistance and porpoising data in one chart is presented 
by the planlng-range chart for the XFB3M— 1 (fig. 8b). 
Here it will be seen that the resistance data extend a 
long way into the range of unstable trim angles, showing 
that a good many unnecessary data were obtained in the 
general resistance tests. If the resistance tests had 
been made after, or, better still. In conjunction with, 
the porpoising tests, it is clear that time could have 
been saved or more complete Information obtained for the 
usoful range. 

A study of the scatter of the test points on the 
various charts indicates satisfactory accuracy wherever 
the relationshipa may be expected to apply. The scatter 
of points is somewhat greater in the displacement range, 
as compared with the planing range. This probably la due 
to the greater likelihood of syateinatlc departures attrib- 
utable to variations of shape, rather than to greater ex- 
perimental errors In this range. In both ranges, the mean 
curves ordinarily will be better than the mean curves 
drawn in conventional charts by virtue of the greater nuii— 
ber of tests points on which they are baaed. 

This last suggests that the methods constitute a 
useful means of fairing data, even though the data are 
eventually reported on more conventional charts. 

coircLUsiNa bxkabes 

In considering means for condensing the data from 
"general" resistance tests, it is not supposed that use 
of these means, or even of the method of general re- 
sistance testing itself, will ever completely eliminate 
the need for "specific" tests and test reports. So much 
is at atake in the development of a large modern flying 
boat that specific tests, particularly in the later 
stages of designing; will undoubtedly be needed for somo 
time to come. 
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It Is 1)6116764, hoveveri that the particular proce- 
dures presented for condeuslng resistance data should he 
a definite help to the designer, hoth by facilitating 
critical comparisons between different hull designs, and 
"by presenting the data in a convenient form for ready 
reference In studies of take—off performance. Ihey are 
of advantage to the testing estahlishment because, "by 
carefully selecting test points, the same ground ordi- 
narily covered in general resistance testing may he ex- 
plored in less time. 



Experimental Sowing lank, 

Stevens Institute of lechnology, 
Eohoken, H.J., June 5, 1943. 



1. Locke, T. V. S., Jr.: General Porpoising Xests on 

I-lylng-Boat-Hull Kodels. VACA ABB Ko. 3117, 
Sept. 1943. 

2. Davidson, Zanneth S. H. , and Locke, T. V. S., Jr.: 

Sone Analyses of Systematic Sxperiinenta on the 
Beslstance and Porpoising Character isticB of 
Plylng-Boat Hulls. ITACA ABB Ho. 3106, Sept. 1943. 

3. Perring, V. 0. A.: Water Performance of Seaplanes. 

lank Data to Determine Effect of Vind, Variation 
of Loading or a Change of Air Structure. B. & H. 
Ho. 1657, British A.B.C. , 1936. 

4. Perring, V. A., and Johnston, L.: Eydrodynamlc 

forces and Homenls-oa.'a Simple Planing Surface and 
on a Tlylng Boat Bull. B. & M. Ho. 1646, British 
A.B.C, 1935. 

5. Schroeder, P.: The Take— Off of Seaplanes, Based on 

a Hew Eydrodynamlc Beductlon Theory. T.K. Ho. 
621, HACA. 1981. 



17 



6. SavBon, J. A Complete Tank leet of the Sikorsky 

S— 40 Tlylng Boat — American Clipper ClaBB. X.V. 
Ho. 512, VACA, 19 S4. 

7. Locke, V. S/«- A Comparieon of Stevens and V.A.C.A. 

XostB in the Planing Hange of the Vary Kark 7 Sea- 
plane Hull. Ste-7-enB Experimental lowing Sank 
technical Memorandum Ho. 47, 1S40. 

8. Shoemaker, J. M.: lank Tests of Tlat and T— Bottom 

Planing Surfaces. T.H. Ho. 509, HACA. 1984. 

9. Shoemaker, J. M. , and Parkinson, J. B.! A Complete 

Sank Test of a Model of a Tlying-Boat Hull — 
H.A.C.A. Model Ho. 11. T.H. Ho. 464, HACA, 1933. 




T 



Sikorsky s-40 
NACA. Model 26 



TRIU« 7 0 




yi* O.OZ4 


V 


0.048 


X 


0.096 


V 


0.191 


o 


0L286 


+ 


Q383 




0.478 


a 


0.574 


9 



_JO.O€ 



_0.05 



^ -Dj04| 

o 

cLOj03^ 
O 



^.02 



jOjOI 



50 60 



t'o 



8'0 



9*0 



a 



(Scale with 60"). 

Figure 1. This chart Is an extension into the planing range of the chart for r » 7° sboim 

on the opposite page. Its ptirpose is to show that the dieplaceaent -range 
relationship will not completely collapse data in the plcmlng range. Data for lower values 
of than those that appear on the opposite page are included to emphasize this. 
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